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ORZ ZHLJKW KDYH FDXVHG K\GURIRUPLQJ WR EH ZLGHO\ XVHG LQ GLIIHUHQW LQGXVWULHV 'HVSLWH PDVVLYH DSSOLFDWLRQ RI
K\GURIRUPLQJ WKLVPHWKRG LVDFFRXQWHGDVRQHRI WKHFRPSOLFDWHGPHWKRGVRI IRUPLQJ DQGGXH WR WXEHQRQOLQHDU
WUDQVIRUPLQJDQGKDYLQJYDULDEOH IULFWLRQVXUIDFHEHWZHHQ WKHPROGDQG WKH WXEHSURGXFLQJRSWLPDOSLHFHV LQ WKLV
PHWKRGLVDORQJZLWKVHYHUDOSUREOHPV7KXVVLPLODUDQGQHZPHWKRGVFDQEHFRQVLGHUHGWRSURGXFHSLHFHV8VLQJ
ILQLWHHOHPHQWPHWKRG WR VLPXODWH IRUPLQJSURFHVVHV VXFK DVK\GURIRUPLQJ LVDQDSSURSULDWHPHWKRG WRDQWLFLSDWH
IRUPLQJ PHWKRGV DQG GLIIHUHQW IRUPLQJ PRGHV )RU H[DPSOH WR VWXG\ DQG SUHGLFW WKH UHVXOWV RI K\GURIRUPLQJ
SURFHVV UHVHDUFKHUV KDYH HPSOR\HG D ILQLWH HOHPHQW PHWKRG ,Q WKHVH UHVHDUFKHV SLSH EXUVWLQJ ZKLOH GRLQJ
K\GURIRUPLQJSURFHVVILQLWHHOHPHQWVDQDO\VLVKDVEHHQHPSOR\HGXVLQJGXFWLOHIUDFWXUHFULWHULRQ>@<LQJ\RWHW
DO >@ KDYH VWXGLHG RSWLPDO ORDG SDWK LQ K\GURIRUPLQJ XVLQJ H[SHULPHQWDO YHULILFDWLRQ DQG ILQLWH HOHPHQWV
VLPXODWLRQ +HR HW DO >@ KDYH VWXGLHG WKH HIIHFW RI K\GURIRUPLQJ ORDGLQJ SDWKV RQ WKLQQLQJ UDWH XVLQJ ILQLWH
HOHPHQWVVLPXODWLRQDQGKDYHGHWHUPLQHGWKHRSWLPDOORDGLQJSDWK
$OVR ILQLWH HOHPHQWPHWKRG FDQ EH VWXGLHG IRU IRUPLQJ XQV\PPHWULFDO SLHFHV OLNH IRUPLQJ 7VKDSHG WXEHV LQ
GLIIHUHQWSURFHVVHVOLNHK\GURIRUPLQJ)RUH[DPSOH.DGNKRGDLDQHWDO>@KDVSURSRVHGDQHZPHWKRGRIORDGLQJ
SDWKVRSWLPL]DWLRQLQXOWUDVRQLFK\GURIRUPLQJSURFHVVWRVWXG\7VKDSHGMRLQWVXVLQJGHVLJQRIH[SHULPHQWVPHWKRG
DQG WKH PRVW LPSRUWDQW ORDGLQJ SDWKV WR FRYHU WKH PRVW FXUUHQW SRVVLEOH FDVHV ZKLFK ZHUH FKRVHQ DQG WKHQ E\
DSSO\LQJ D ILQLWH HOHPHQW VLPXODWLRQ WKH HIIHFW RI HDFK ORDGLQJ SDWK ZDV VWXGLHG .RF >@ VWXGLHG WKH HIIHFW RI
ORDGLQJSDWKVDQGYDULDWLRQVLQPDWHULDOSURSHUWLHVRQWKHUREXVWQHVVRIWKHILQDOSURGXFW)RUWKLVSXUSRVHKHVWXGLHG
SLHFHK\GURIRUPLQJDQGIRUHDFKSURFHVVKHUHFRPPHQGHGORDGLQJSDWKVIRULQWHUQDOSUHVVXUHDQGD[LDOSXQFK
DQG DOVR KH LQTXLUHG DQG FRPSDUHG WKH REWDLQHG UHVXOWV IRU WKLQQLQJ YDOXHV DQG EUDQFK KHLJKWV ,Q WKLV TXHU\7
VKDSHGMRLQWVDUHRQHRIWKHSLHFHVZKLFKKDYHEHHQLQYHVWLJDWHGDQGWRSURGXFHWKLVSLHFHUHFLSURFDOSXQFKZDVQ¶W
XVHG7KLV SLHFHZDVK\GURIRUPHGXVLQJ DQ LQWHUQDO SUHVVXUH DQG D[LDO SXQFK ,Q WKLV VWXG\ WKH HIIHFW RI ORDGLQJ
SDWKVKDVEHHQLQYHVWLJDWHGXVLQJILQLWHHOHPHQWPHWKRGV$VKUDILHWDO>@FRQGXFWHGDUHVHDUFKRQILQLWHHOHPHQW
VLPXODWLRQRIK\GURIRUPLQJSURFHVVRI&FRSSHUDOOR\DQGWUDQVIRUPLQJLWWR7VKDSHGWXEHXVLQJPHFKDQLFDO
SURSHUWLHVREWDLQHGIURP%XOJHWHVWDQGIRUPLQJOLPLWFXUYHDQGDOVRSUHGLFWLQJWKHILQDOSLHFHJHRPHWU\5HVXOWVRI
WKLV SDSHU LQGLFDWHG WKDW K\GURIRUPLQJ SLHFH VLPXODWHG E\ WKH DVVLVWDQFH RI VWUHVVVWUDLQ FXUYH REWDLQHG IURP WKH
SURSRVHG PHWKRG KDV EHHQ SUHFLVHO\ ILWWHG ZLWK WKH UHDO K\GURIRUPLQJ SLHFH 5D\ DQG 0DF 'RQDOG >@ KDYH
GHWHUPLQHGRSWLPDOORDGLQJSDWKV IRUK\GURIRUPLQJRI7VKDSHGMRLQWVXVLQJIX]]\ORDGFRQWURODOJRULWKPPHWKRG
7KLVPHWKRG LVFRQVLGHUHGRQHRI WKHYHU\FRPSOLFDWHGPHWKRGV WRGHVLJQ ORDGLQJSDWKVDQGGXH WR WKLV LVVXH WKH
EHKDYLRU RI HDFK HOHPHQW KDV WREH VWXGLHG DORQJ WKHRSWLPL]DWLRQSURFHVV WLPH DQG FRVW RI RSWLPL]DWLRQ LV YHU\
KLJK,QWKHDIRUHPHQWLRQHGVWXG\DQHVSHFLDOSDWKZDVSUHVHQWHGWRSURGXFH7VKDSHGMRLQWVDQGWKHHIIHFWRIRWKHU
SDWKV RQ WKH SURFHVV KDVQ¶W EHHQ VWXGLHG 2Q WKH RWKHU KDQG WKH HIIHFW RI UHFLSURFDO SXQFK ZDV QRW JHQHUDOO\
FRQVLGHUHGWRSURGXFH7VKDSHGMRLQWV/LQDQG.ZDQ>@SUHGLFWHGWKHRSWLPDOORDGLQJSDWKIRUK\GURIRUPLQJRI7
VKDSHGMRLQWVFRPELQLQJWKHILQLWHHOHPHQWPHWKRGDQGWKH$EGXFWLYHQHWZRUN$OVRWKHHIIHFWRIXOWUDVRQLFORDGLQJ
RQK\GURIRUPLQJRI7VKDSHGSLHFHVZDVVWXGLHGE\/RK0RVXDYLHWDO>@,QVSLWHRIDOOFRQGXFWHGZRUNVLQWKH
FRQWH[W RI WKHUPDO WUDQVPLVVLRQ DQGRU VWXG\LQJ IOXLG IORZE\EDOO WKHUHKDVQ¶W EHHQ DQ\ VSHFLILF DFWLRQ IRU FROG
IRUPLQJWKURXJKEDOOSUHVVXUH

)LJ3URGXFLQJ7VKDSHGMRLQWVE\K\GURIRUPLQJSURFHVV
)LJXUHVKRZVWKHK\GURIRUPLQJSURFHVVIRUSURGXFLQJ7VKDSHGMRLQWV$WILUVWWKHWXEHLVEHLQJSXWLQWKHPROG
DQG WKHQ E\ DSSO\LQJ LQWHUQDO SUHVVXUH DQG D[LDO IRUFHV YLD D[LDO SXQFKHV WXEH WUDQVIRUPLQJ LV VWDUWHG XS DQG
UHVSHFWLYH MRLQW LV IRUPHG ,Q WKH IRUPLQJPHWKRGE\EDOOV LQVWHDGRI IOXLG EDOOV KDYH EHHQ HPSOR\HG WR WUDQVIHU
PDQGUHO¶IRUFHVWRWKHDUHDRIWXEHIRUPLQJDQGPHWDOIORZLQJ
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)LQLWHHOHPHQWPRGHO
)LQLWHHOHPHQWPHWKRGKDVEHHQH[WHQVLYHO\XVHG WR VLPXODWHPHWDO IRUPLQJSURFHVVHV OLNH WXEHK\GURIRUPLQJ
5D\DQG0DF'RQDOG >@FRQGXFWHGD UHVHDUFKRQVLPXODWLRQRIK\GURIRUPLQJSURFHVVRI;DQG7EUDQFK WXEHV
WKURXJKILQLWHHOHPHQWPHWKRGDQGZLWKORDGLQJDQGERXQGDU\FRQGLWLRQVVLPLODUWRH[SHULPHQWV$OVRFRPELQLQJ
ILQLWHHOHPHQWPHWKRGDQGH[SHULPHQWVGHVLJQLQJKDVEHHQXVHGWRRSWLPL]HORDGLQJSDWKVLQK\GURIRUPLQJSURFHVV
RI7VKDSHGSLHFH>@
6LPXODWLRQ LV EHLQJ GRQH XVLQJ ILQLWH HOHPHQW VRIWZDUH RI $%$486 &KLHI SDUDPHWHUV DIIHFWLQJ RQ IULFWLRQ
FRHIILFLHQW DUH EDOO VL]H WXEH LQWHUQDO GLDPHWHUPROGGLDPHWHU DVZHOO DV WXEHPDWHULDO'XH WR WULYLDO HIIHFWV RI
RWKHUSDUDPHWHUVOLNHSURFHVVWHPSHUDWXUHDQGHWFLQVLPXODWLRQDSSO\LQJWKHLUHIIHFWKDVEHHQLJQRUHG7KHW\SHRI
XVHGWXEHLV&FRSSHUDOOR\ZKLFKLWVSURSHUWLHVKDYHEHHQREWDLQHGIURPILJXUH>@7XEHH[WHUQDOGLDPHWHU
ULP¶V WKLFNQHVV DQG WXEH OHQJWK DUH PP PP DQG PP UHVSHFWLYHO\ 7R UHGXFH UDWH RI HUURUV LQ
UHVXOWVIHDWXUHVRIIRUPLQJPROGPDWHULDORIEDOOVDQGPDQGUHOVKDYHEHHQPRGHOHGZLWKWKHKLJKUDWHRIVWUHVVDQG
VWUDLQ LQRUGHUQRWWREHGHIRUPHGE\KLJKIRUFH7RVLPSOLI\DQGGHFUHDVHSUREOHPVROYLQJWLPHDQGHQKDQFHWKH
DFFXUDF\RIWKHUHVXOWVIRUPLQJVLPXODWLRQZLWKEDOOKDVEHHQGRQHLQ'IRUP,Q7VKDSHGIRUPLQJVLPXODWLRQYLD
EDOOV LQ RUGHU WR WUDQVIHUPRUH IRUFH WR WKH IRUPLQJ DUHDE\PDQGUHOPDQGUHOV KDYHEHHQPRGHOHG LQ D JUDGLHQW
PRGH:LWKUHJDUGWRPRGHOLQJPDQGUHOVKDYHDGLVSODFHPHQWRIPPLQWKHYHUWLFDOGLUHFWLRQDQGDUHRSSRVLWHWR
HDFKRWKHU(OHPHQWDSSOLHGLQDQDO\VHVLV&365W\SH)LJXUHGLVSOD\VKRZWRPRGHOILQLWHHOHPHQWV

)LJ6WUDLQ6WUHVVGLDJUDPIRU&FRRSHUDOOR\   )LJ)LQLWH(OHPHQW0RGHOV
7RLPSURYHWKHUHVXOWVWXEH)(0HOHPHQWVKDYHEHHQPRGHOHGLQPPVL]HZKLFKDUHVPDOOHUWKDQPDQGUHO
DQGPROG)(0HOHPHQWVLQPPVL]H%\FKDQJLQJWKHSDUDPHWHUVDIIHFWLQJRQWKHSURFHVVWKHLUHIIHFWRQWKH
UDWHRIIRUPLQJFDQEHVKRZQ,QWKLVSDSHUVWXG\LQJWKHHIIHFWRIEDOOV¶VL]HRQWKHIRUPLQJUDWHZDVFRQVLGHUHG
7KHIULFWLRQFRHIILFLHQWLVHTXDOWREHWZHHQWXEHDQGPROGDQGLVEHWZHHQEDOOVDQGWXEHDQGDOVREHWZHHQ
EDOOV LW KDV EHHQ FRQVLGHUHG 7KH WXEH DQGPROG GLPHQVLRQV DQG WKH IULFWLRQ FRHIILFLHQW KDYH EHHQ VLPLODUO\
GHWHUPLQHGLQDOORIVLPXODWLRQVLQRUGHUWRVSHFLI\WKHHIIHFWRIEDOOVL]HRQWKHIRUPLQJUDWH7RHQVXUHDFFXUDF\RI
DQDO\VHV UHVXOWV  PRGHV RI ILQLWH HOHPHQW DQDO\VHV ZHUH FRQGXFWHG ,Q WKH ILUVW JURXS  DQDO\VHV ZHUH
FRQVLGHUHG,QWKRVHDQDO\VHVVL]HRIDOOEDOOVLQHDFKDQDO\VLVZDVVLPLODUWRHDFKRWKHUDQGEDOOVVL]HLQHDFKQHZ
DQDO\VLVKDVEHHQFRQVLGHUHGJUHDWHUWKDQWKHSUHYLRXVDQDO\VLVUHVSHFWLYHO\WRVSHFLI\WKHHIIHFWRIEDOOV¶VL]HRQWKH
WXEHIRUPLQJ'LDPHWHUVFRQVLGHUHGIRUWKHILUVWJURXSRIDQDO\VHVKDYHEHHQH[KLELWHGLQWKHWDEOH7RGHWHUPLQH
WKH HIIHFW RI GLIIHUHQW VL]HV RI WKH EDOOV LQ GLIIHUHQW WXEH DUHD RQ WKH IRUPLQJ UDWH  RWKHU DQDO\VHVPRGHV ZHUH
FRQGXFWHG,QHDFKDQDO\VLVEDOOVVL]HVZHUHFRQVLGHUHGYDULDEOHDQGZHUHQ¶WQHFHVVDULO\FKRVHQWKHVDPH)LJXUH
VKRZWKHVROYLQJSURFHVVRIILQLWHHOHPHQWRIWKHWXEHIRUPLQJSURFHVVDQGWUDQVIRUPLQJLWWR7VKDSHGWXEHYLDEDOOV
KDYLQJPLOOLPHWHU

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D E
)LJ'HIRUPDWLRQHOHPHQWLQIRUPLQJDUHDDEHIRUHIRUPLQJEDIWHUIRUPLQJ

)LJ3RVLWLRQRIQXPEHUHOHPHQWLQIRUPLQJDUHD
5HVXOWVDQGGLVFXVVLRQ
)LJXUHLQGLFDWHVWKHVWUDLQUDWHRIWXEHHOHPHQWLQWKHIRUPLQJDUHDLQUDWLRZLWKEDOOVGLDPHWHUVL]HVLQWKH
DQDO\VHVRIWKHILUVWJURXS,QILJXUHLWFDQEHREVHUYHGWKDWWKHVWUDLQUDWHRIWXEHHOHPHQWLQWKHDQDO\VLVZLWKEDOO
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GLDPHWHURIPPLVHTXDOWR$OVR LQWKHDQDO\VLVZLWKWKHEDOOGLDPHWHURIPPWKHVWUDLQUDWHLV
HTXDO WRDQGKDV WKHKLJKHVWYDOXH ,Q WKHDQDO\VHVZLWKPPDQGPPGLDPHWHU WKHVWUDLQUDWHRI
VLPLODUHOHPHQWKDVEHHQUHFRUGHGLQ7DEOH


)LJ7KHHIIHFWRIWKHEDOOV¶GLPHQVLRQVRQWKHVWUDLQUDWHRIHOHPHQWRIIRUPLQJDUHD
'XH WR WKH IDOOLQJ VWHHS RI WKH GLDJUDP LW FDQ EH FRQFOXGHG WKDW E\ GHFUHDVLQJ WKH EDOO VL]H WKH VWUHVV
FRQFHQWUDWLRQLQWKHIRUPLQJDUHDZLOOEHLQFUHDVHGDQGLWZLOOFDXVHDQHQKDQFHPHQWLQIRUPLQJLQWKDWDUHD7KH
IRUPLQJDQGWKHSURWUXVLRQUDWHRIPHWDOIORZIURPPROGE\EDOOVUHTXLUHGIRUIRUPLQJWXEHKDYHEHHQQRWLFHG7KXV
LWFDQEHQRWHGWKDWWKLVPHWKRGFDQEHHPSOR\HGWRIRUPWXEHDQGWUDQVIRUPLWWRD7VKDSHGRQH)LJXUHLQGLFDWHV
WKDW WKHVWUDLQUDWHRIHOHPHQWRI WXEH LVDFFRUGLQJ WR WDEOH ,W LVFRQFOXGHGIURPWKLVGLDJUDP WKDW WKHEDOOV
PRYHPHQWDQGWKHIRUPLQJUDWHRIWKHGHIRUPLQJDUHDZLOOEHHQKDQFHGZKHQLQLQWKLVDUHDVPDOOHUEDOOVVXFKDV
EDOOVZLWKGLPHQVLRQVRIDQGPPDQGLQWKHDUHDFRQQHFWHGWRWKHSUHVVMDZVEDOOVZLWKJUHDWHUGLPHQVLRQV
OLNHDQGPPZLOOEHSODFHG


)LJ(IIHFWRIEDOOV¶GLPHQVLRQVRQVWUDLQUDWHRIHOHPHQWRIIRUPLQJDUHDZLWKVHYHUDOGLDPHWHU
&RQFOXVLRQV
,QWKLVSDSHUWKHILQLWHHOHPHQWVLPXODWLRQRIWXEHIRUPLQJZLWKWKH&FRSSHUDOOR\DQGWUDQVIRUPLQJLWWR
WKH 7VKDSHG WXEH ZDV FRQGXFWHG 6WXG\LQJ RQ WKH HIIHFW RI EDOOV¶ VL]H RQ WKH IRUPLQJ UDWH ZLOO EH SRVVLEOH E\
FRPSDULQJWKHIRUPLQJUDWHRIWKHILUVWJURXSDQDO\VHVEDOOVZLWKWKHVLPLODUGLDPHWHUVDQGWKHVHFRQGJURXSEDOOV
ZLWKGLVVLPLODUGLDPHWHUVDQGFRQVLGHULQJDFRQVWDQWYDOXHIRURWKHUHIIHFWLYHSDUDPHWHUVXFKDVIULFWLRQDQGWXEH
PDWHULDO6LPXODWLRQUHVXOWVLQGLFDWHGWKDWE\GHFUHDVLQJEDOOV¶VL]HVWUHVVFRQFHQWUDWLRQLQWKHIRUPLQJDUHDZLOOEH
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LQFUHDVHGDQGLWZLOOOHDGWRLQFUHDVHVWUDLQLQWKHIRUPLQJDUHDDQGDOVRIRUPLQJUDWH$OWKRXJKVLPXODWLRQUHVXOWV
LQGLFDWHDQLQFUHDVHLQIRUPLQJUDWHDORQJZLWKWKHGHFUHDVHLQEDOOV¶VL]HEXWFRQGXFWHGTXHU\ZDVRQO\DQLQLWLDO
VWXG\LQWKHFRQWH[WRIWKLVQHZIRUPLQJPHWKRGDQGHIIHFWRILWVEDOOV¶VL]H,WLVUHFRPPHQGHGWKDWLQWKLVFRQWH[W
WRFRQGXFWFRQILUPDWRU\H[SHULPHQWDOWHVWWRWUDQVIRUPWXEHWRWKH7VKDSHGWXEHDQGDOVRILQLWHHOHPHQWVLPXODWLRQ
WRWUDQVIRUPWXEHWRGRXEOHVWHSSHGSLSHDQGLWVUHVSHFWLYHH[SHULPHQWDOWHVWV
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